When two targets are associated with the same response in a speeded task, the response time is facilitated when both targets are simultaneously presented compared to when only one target is presented. This redundant-signal effect can be mediated by probability summation (race model) or by signal integration (co-activation) over and above probability summation. Here we report that the redundant-signal effect depends strongly in the way in which attention is engaged in the task. We manipulated attention using exogenous cueing (a flashed rectangle with no predictable value), both endogenous and exogenous cueing (a flashed rectangle with predictable value) and pure endogenous attention using a symbolic central cue (with predictable value). The redundant-signal effect was strongly dependant in endogenous attention it was absent when the redundant targets were presented in the un-cued region in those tasks that engaged endogenous attention. The redundant redundant-signal effect occurred in both cued and un-cued regions in the task that engaged just exogenous attention. Then the strategically distribution of attention is thus crucial for a redundant-signal effect even for probability summation.
Introduction
Redundant information speeds responses to visual targets. For example, if you need to respond as quickly as possible whenever either of the two targets (e.g., a blue square or a red square) presented, your response is faster when two or more targets are simultaneously presented than when only one target is presented. Extensive research has investigated this so called "redundant-signal effect" using a variety of stimuli, showing that some of the redundant-signal effects reflect probability summation (a.k.a., the race model; e.g., Miller, 1982 , Mordkoff, Miller & Roch, 1996 depending on whether they are from the same dimension or comes from "separate objects" (Mordkoff, 2008) , others reflect non-linear signal integration over and above what is expected from probability summation (a.k.a, the coactivation model; e.g., Miller, 1982; Mordkoff, Yantis, 1993 , Miller, 2007a ; the latter seems to occur when redundant targets are defined by different features(e.g., red and right tilt) or modalities (e.g., auditory and visual) (e.g., Mordkoff, 1996 , Mordkoff &Yantis, 1991 , Diederich & Colonius, 2004 , Miller, Kühlwein & Ulrich 2004 , Molhom, Ritter, Javitt & Foxe, 2004 Gondan & Röder, 2005; Feintuch & Cohen, 2002; Miller, 2007b) or if they belong to the same object (Mordkoff 2008) .
Surprisingly, although attention plays a crucial role in stimulus selection and grouping (Duncan, 1984; Kramer & Jacobson, 1991; Kramer, Weber, & Watson, 1997) , only a few studies investigated how attention might modulate the visual system's ability to take advantage of redundant information in a speeded-response task. Attention is known to be crucial for integrating features into a single representation (Triesman & Gelade 1980; Treisman, 1991 Humphreys, Quinlan, Riddoch, 1989 .
Attention is likely to be important for producing redundancy gains via coactivation because this process would require integration of target signals into a single representation or into an object. In contrast, it is possible that attention is not crucial for redundancy gains via probability summation because processing target signals separately and responding according to whichever target signal that reaches the threshold first does not require any form of integration. Prior results are consistent with these hypotheses. However another possibility is that attention is crucial for redundancy gains via probability summation to process the two redundant targets separately at first and then activating the response according to whichever target that reaches the threshold.
Using stimuli known to produce co-activation-based redundancy gains (redundant targets defined by different image features), Feintuch and Cohen (2002) reported results suggesting that attending to redundant targets is necessary to produce a redundancy gain consistent with co-activation. A co-activation-based redundancy gain occurred when both redundant targets belonged to a single object (e.g., a single rectangle having both the target color and target orientation); features belonging to a single object are likely to be simultaneously attended (e.g., O'Kraven & Kanwisher; Duncan, 1984; Huang, Treisman & Pashler, 2007) . The redundancy gain, however, failed to exceed probability summation when the redundant target belonged to two separate objects (e.g., separate targets without any ellipsis), that is, when attention was likely to be initially captured by only one or the other redundant target. Importantly, pre-cueing the region containing both targets using a large elliptical pre-cue, which presumably drew attention simultaneously to both targets (e.g., Egly et al., 1994) , restored a coactivation-based redundancy gain. These results suggest that attending to both redundant targets is crucial for producing a co-activation-based redundancy gain over and above probability summation, found also by Mordkoff by showing to redundant targets that featured the same direction of movement inside of an object (2008) .
In contrast, using stimuli known to primarily produce probability-summationbased redundancy gains (redundant targets defined by a single image feature), Theeuwes (1994) precued both either single or redundant targets to show that redundant-signals effects does not rely on spatial uncertainty (if it were the case in normal redundant target tasks redundant presentation reduces spatial uncertainty in comparison with single presentation), showing that when the spatial uncertainty was reduced by a valid cues the redundancy effect remained constant. However he demonstrated that pre-cueing the location of one target, that is, directing attention to one target and away from the other redundant target, did not diminish redundancy gains. This result suggests that simultaneously attending to multiple redundant targets is not necessary for producing a redundancy gain via probability summation.
However both experiments from Theeuwes never manipulated strategically the cueing ratio and the type of attention engaged in each task. He was interested only eliminating the uncertainty through cuing the next location of a target. Here we are testing whether that simultaneously attending to multiple redundant targets is necessary for producing a redundancy gain at least via probability summation.
The current study investigated the extent to which redundancy gains in speeded-response tasks are attention independent. We used single-feature targets (different colors) that only produced probability-summation-based redundancy gains. We either pre-cued redundant targets, pre-cued single targets validly, or pre-cued a region that did not contain any target in three different experiments, in experiment 1 both exogenous and endogenous were manipulated by flash-cueing the likely target containing rectangle at 80 % cue validity; in experiment 2 only exogenous attention was manipulated by reducing cue validity to 50 %; in experiment 3 by diverting endogenous by a symbolic central also at 80%.
If redundancy gains are independent of any type of attention (with respect to attention manipulated by pre-cueing), the redundancy gains should be equivalent in all cueing conditions across experiments. Alternatively, if attention has a facilitative effect on, the redundancy gain should be largest when both targets are pre-cued and smallest when an irrelevant region is pre-cued. Finally, if the type of attention is not relevant for a probability-summation-based redundancy gain, we should obtain no redundancy gain at any irrelevant pre-cued region across experiments.
Experiment1

Methods
Participants. Twenty two undergraduate students from Northwestern University; 12 females and 7 males, 19-25 years of age) gave informed consents to participate for partial course credit. All participants had normal or corrected-to-normal visual acuity and had normal color vision, and were tested in a normally lit room.
Apparatus. The stimuli were displayed on a 19" LCD color monitor (60 Hz, 800 by 600 resolution). The experiment was controlled using a MAC G4 with Psyschope running in OS 9 system. A chin rest was used to stabilize the head position at a viewing distance of 45 cm.
Stimuli. All stimuli were drawn with 0.1° think black lines against a white background. The central fixation cross subtended 0.63° by 0.63°. On each trial, either a pair of vertical rectangles (one to the left and the other to the right of the fixation cross; Fig. 1A ) or a pair of horizontal rectangles (one above and the other below the fixation cross; Fig. 1B) were presented with an equal probability. These rectangles (10.1° by 2.5°) appeared at 3.8° (center-to-center) from the fixation cross. The contours of one of the rectangles briefly thickened to 0.35° to draw exogenous attention (e.g., Egly et al., 1994) . These rectangles thus served as the attended (cued) and ignored (uncued) objects on which colored squares (0.63° by 0.63°) were presented. The red and blue squares were the targets, and the green and yellow squares were the distractors. On each trial, either a single target (red or blue with 50% probability), a pair of redundant targets (each being red or blue with 50% probability), a single distractor (green or yellow with 50% probability), or a pair of redundant distractors (each being green or yellow with 50% probability) were presented at the end locations of the rectangles (at 5.38°e ccentricity) (see Fig. 1 ).
There were five intermixed conditions for the target trials, (1) Valid-single-target, (2) Valid-redundant-target, (3) Partially-valid-redundant-target, (4) Invalid-singletarget, and (5) Invalid-redundant-target. On a "Valid" trial, a single target or redundant targets were presented within the cued rectangle (i.e., cue valid). On an "Invalid" trial, a single target or redundant targets were presented within the uncued rectangle (i.e., cue invalid). On a "Partially-valid" trial (applicable only to redundant targets), one target was presented within the cued rectangle, whereas the other target was presented within the uncued rectangle. Participants were instructed to press the response key as quickly and as accurately as possible when a single target or redundant targets (defined by red and blue colors) appeared in any of these conditions. They were instructed not to respond when a single distractor or redundant distractors (defined by green and yellow colors) were presented instead.
There were 420 target trials including 210 single-target trials (168 cue-valid and 42 cue-invalid) and 210 redundant-target trials (168 cue-valid and 42 cue-invalid). The cue validity was 80%, which was conducive to endogenous as well as exogenous attention, resulting in a strong manipulation of object-based attention (e.g., Egly et al., 1994) . The 64 distractor trials had the same cue validity and the same proportions of the single-and redundant-distractor trials as did the target trials. The target and distractor trials were randomly intermixed with the constraint that the exact same target never repeated in consecutive trials.
Procedure. Each trial began with a 750 ms warning display with a central central dot, which was followed by a fixation display with a central fixation cross and a pair of vertical or horizontal rectangles, lasting 750 ms. The contours of one of the rectangles then briefly thickened (for ~30 ms), providing an exogenous cue to draw attention to that rectangle (e.g., Egly et al., 1994; Mortier, Donk & Theeuwes, 2003) . With an SOA of 90 ms, a single target square, a pair of redundant target squares, a single distractor square, or a pair of redundant distractor squares, were flashed for ~50 ms, followed by a random-dot mask lasting 2500 ms. Participants pressed the response key as soon as they detected a target square (red or blue), and refrained from making a response when they detected a distractor square (green or yellow). Responses times (RTs) were measured from the onset of the target. We considered response times faster than 150 ms as anticipatory (not reflecting target detection);
Eighty-four practice trials were initially given with feedback. The 484 experimental trials (420 target trials plus 64 distractor trials) were run in six blocks (five blocks of 80 trials and the final block of 84 trials). Short breaks were given between blocks, but a mandatory 5 min-break was given between the 3 rd and 4 th blocks.
Results
The response times were significantly faster for the valid redundant targets than for the valid single targets, d= 2.33, t(21) = 9.03, p<.0001 (the two left bars in Fig. 2) . Target detection was thus significantly faster for the redundant targets than for the single targets when the targets were presented within the attended (i.e., cued) rectangle. In contrast, the response times were statistically equivalent for the invalid redundant targets and invalid single targets, t(21) = .55, n.s. Target detection was thus equivalent for the redundant and single targets when the targets were presented within the ignored (i.e., un-cued) rectangle. This attention dependence of the redundant-signal effect is confirmed by the significant interaction between the cue validity (valid [attended] or invalid [ignored] ) and target redundancy (single or redundant), F(1, 21) = 17.277, p < 0.0005. The redundant-signal effect obtained in the attended condition did not pass the criteria for signal integration (coactivation) (observed RT distributions did not violate the race model inequality, all t's <.50 in all percentiles) we ran the race inequality rule trough RMITest that runs the algorithm to test probability summation wit reaction time distribution (Ulrich, R., et al. 2006 ).
Experiment 2
Although we provide evidence of attention-based redundancy effects, a question remained about whether the redundancy gain in the attended condition was due to pure endogenous or pure exogenous attention. To evaluate these possibilities we recruited 22 additional participants to test a condition in pure orientation conditions, we used the same procedure as in experiment 1 but we changed the cue validity to 50%, it means the cue was irrelevant in the task.
Results
Latency responses were significantly faster for the valid redundant targets than for the valid single targets, d= 1.16, t (21) = 4.98, p<.0005 (the two left bars in Fig. 3 ). Target detection was thus significantly faster for the redundant targets than for the single targets when the targets were presented within the attended (i.e., cued) rectangle but in comparison to the previous experiment a redundancy-gain effect was found in the unattended condition in the pure exogenous condition, the response times were statistically faster equivalent for the invalid redundant targets than for the invalid single targets, d= 1.90, t(21) = 7.361, p<.0001 (the right two bars in Fig. 3 ). Target detection was thus faster for the redundant targets than single targets when the targets were presented both within the unattended (i.e., un-cued) rectangle and the attended one(i.e., cued). This attention independence of the redundant-signal effect is confirmed by the non-significant interaction between the cue validity (valid [attended] or invalid [ignored] ) and target redundancy (single or redundant), F (1, 21) = .00001, p < 0.998.
The redundant-signal effect obtained in the attended condition did not pass the criteria for signal integration (co-activation) in this experiment either (observed RT distributions did not violate the race model inequality, all t's <.50 in all percentiles). These results indicate that exogenous attention due to its transient activity (fast) allows the supposed parallel processing of two signals in order to take advantage of redundant information.
Experiment 3
Up to this point we showed that the redundancy-gain effect is dependent of attention in a task engaging both endogenous and exogenous attention but not in a task engaging just exogenous attention. To elucidate if the redundant signal effect is endogenous attention dependant we replicate experiment 1 in terms of cue validity, i.e. 80 % cue of trials were pre-signaled validly and excluding any exogenous component of exogenous attention by presenting i.e. a central triangle pointing to the location in which either single or redundant targets would be presented inside rectangles. The SOA also was changed to ~ 140 msc.
Results
The response times were significantly faster for the valid redundant targets than for the valid single targets, d= 1.98, t(21) = 7.68, p<.0001 i.e. when the targets were presented within the attended (i.e., cued) rectangle. In contrast, the response times were statistically equivalent for the invalid redundant targets and invalid single targets, t(21) = 1.00, n.s. Target detection was thus equivalent for the redundant and single targets when the targets were presented within the ignored (i.e., un-cued) rectangle. This pure endogenous attention dependence of the redundant-signal effect is confirmed by the significant interaction between the cue validity (valid [attended] or invalid [ignored] ) and target redundancy (single or redundant), F (1, 21) = 12.765, p < 0.0018). As occurred in the previous experiments the redundant-signal effect obtained in the attended condition did not pass the criteria for signal integration (coactivation) (observed RT distributions did not violate the race model inequality, all t's <.50 in all percentiles).
In Fig. 5 is showed the interaction found in those tasks that engaged orientation of attention strategically, i.e. experiment 1 (both pink lines) and experiment 3 (both blue lines), and the no interaction in the exogenous orientation condition. Together results from experiment 1 and 3 thus clearly indicate that task primarily engaging endogenous but also endogenous and exogenous attention is necessary to take advantage of redundant stimuli in a speeded target-detection task even for probability summation.
Conclusion
Our results clearly indicate that the classic redundant-signal effect (Feintuch & Cohen, 2003; Miller, 1982; Miller & Reynolds, 2003) depend on endogenous orientation of attention even for probability summation. We obtained a strong redundancy gain when the redundant targets were presented within the attended (i.e., validly cued) rectangle in Exp. 1 and Exp. 3. Importantly, no redundancy gain occurred when the redundant targets were presented within the ignored (i.e., invalidly cued) rectangle. Exogenous attention did not play any major role in order to get redundancy gains via probability summation, thus responding is probably driven by whichever target signal that reaches the threshold first, probably exogenous orientation allows the visual system to pick randomly any redundant target. However is well known that endogenous orientation of attention is an efficient way to exclude every thing outside from the focus of attention, thus endogenous attention would prevent to process in parallel two redundant targets. An important implication of these results is that exogenous attention would channel information in a separate channel or a different neural pathway from endogenous attention does. For example endogenous attention prevents early stimulus competition and exogenous attention allows the race between any kinds of signal.
We were mainly interested in whether redundancy effect requires attention, but about the dependence on either probability summation or coactivation we were reluctant about any prediction, because of two factors that could interact, one is that Mordkoff et al (2008) showed that coactivaton depends on object perception so our experiment could ensure that by presenting the stimuli inside of rectangles however extensive evidence has shown that presentation of redundant information in more than one modality usually shows an increment of the strength of the redundant-signal effect in terms of coactivation and redundancy gains seem to be greater when redundant stimuli are presented in different sensory modality than when they are presented in the same modality (Forster, Cavina-Pratesi, Aglioti & Berlucci, 2002) . Similarly Diederich and Colonius (2004) found that responses to trimodal stimulus combinations were faster than those to bimodal combinations, which were even faster than latencies to unimodal stimuli. However in a study of Gondan, Lange, Rösler and Röder (2004) with bimodal combinations from three different modalities in random sequences, reaction times are slower when the stimulus is preceded by a stimulus of a different modality showing a modality switch effect. Schroter, Ulrich, & Miller (2007) reported no redundancy gains when stimuli are identical pure tones or pure tones of different frequencies, however, when one stimulus was a pure tone and the other was white noise, they conclude that dichotically presented pure tones of different frequencies are apparently integrated into a single percept, whereas a pure tone and white noise are not fused. Some studies have compared the effects of identical versus different redundant stimuli, Schwarz and Ischebeck (1994) found larger redundant-signal effect for two parallel lines, than for two orthogonal ones. In the same way Mordkoff and Miller (1993) found larger nonlinear signal integration over and above what is expected from probability summation (larger violations of the race model inequality) with two identical targets than with two different ones. We found probability summation probably because we present stimuli within the same dimension. Although Mordkoff (2008) recently has found that object perception induces coactivation by presenting coherent vs incoherent movement of redundant targets, he does not show if it is true even for targets of the same dimension; in the other hand just by a stationary orientation of attention an object would ensure object perception.
Previous results suggested that attending to redundant stimuli is necessary for signal integration (Feintuch & Cohen, 2003) , however we showed here that endogenous attention prevents redundancy-gain and the attended targets do not produce coactivation.
Finally a similar effect to ours was found by Yantis and Johnston (1992) in which they did not found redundancy effect when they present just one of the redundant targets outside of the focus of attention, they conclude that in endogenous conditions participants can focus so well that even redundant information is processed like just one target, we can conclude that the strategically distribution of attention can even exclude redundant targets from the participation in the response. 
